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New Engineering and 
Development Facility 


ROM the days of the Manhattan Project 

through the building of electric genera- 
ting equipment for the Experimental Boiling 
Water Reactor at Argonne, and with partici- 
pation in Atomic Power Development As- 
sociates and Power Reactor Development 
Company, Allis-Chalmers has been active 
in the nuclear field. Today Allis-Chalmers 
is engaged in research and engineering de- 
velopment work leading to the construction 
of the 66,000-ekw Controlled Recirculating 
Boiling Reactor for Northern States Power 
Company, Nuclear Power Plant, Pathfinder. 

Supporting this work are more than 100 
years’ experience in building power equip- 





ment and more than 50 years in the manu- 
facture of equipment for generation, distri- 
bution, and utilization of electric power. 

The new engineering and development 
facility, now under construction, will con- 
tribute directly to Allis-Chalmers growing 
participation in this field. 

In addition, Allis-Chalmers can furnish 
components specially engineered for nuclear 
fe: ilities, including: pumps, condensers and 
steam turbine generators, as well as indoor 
and outdoor switchgear, transformers, cir- 
cuit breakers, and motor control centers. 


Allis-Chaimers, Nuclear Power Division 
Milwaukee 1, Wisconsin 
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THE COVER 


MAGNIFIED IMAGES of 26-inch ex- 
haust blade contours are checked on 
comparator screen for accuracy. Ma- 
chined to close tolerances on multiple 
spindle contour milling machines, these 
chrome-steel blades are used in 3600- 
rpm turbines for units rated 150-mw 


and larger. 
Allis-Chalmers Staff Photo 
by Michael Durante 
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by N. KREEKON 
and 
W. H. LANE 


Switchgear Department 
Allis-Chalmers Mfg. Co. 





Modern functional design of new line of 
switchgear takes full advantage of recently 
developed insulations. 


THE RECENT UPSURGE in demand and concentration 
of electric power is placing a greater burden on switchgear 
to handle larger blocks of power in limited cubicle sizes. 
A new line of 5-kv switchgear designed to meet these 
limitations has just been announced. In addition to a 
size reduction, redesign of certain components provides 
convenience, reliability and maximum protection even 
under the most severe operating conditions. 


The principal factor in switchgear reliability is its in- 
sulation system. The important characteristics of the in- 
sulation for switchgear include the water absorption rate, 
the time-temperature deterioration rate, the ability of insu- 
lation to resist arc tracking, the flame retardant qualities 
of the material, resistance to chemical fumes, and such 
mechanical properties as impact strength. There are three 
general types of material which meet these requirements 
porcelain, the thermosetting laminated or molded phenolic 
plastics, and the glass-base epoxy or polyester plastics. 


Since the presence of high humidity cannot be avoided 
in the wide variety of installation conditions encountered 
with switchgear, the ability of insulation to resist water 
absorption is an essential consideration. Years of oper- 
ating experience have shown that when the absorption of 
moisture is held below approximately 1 percent, as meas- 
ured by the ASTM 24-hour test, the reliability of the mate- 
rial is not noticeably impaired. The phenolic compounds 
exhibit poorer resistance to moisture than the polyesters, 
typical rates being 1 percent for phenolic compounds and 
one-half of 1 percent for the polyesters. A comparison of 
insulation characteristics is shown in Figure 1. 
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COMPACT new line of 5-kv switchgear was made possible through the 


use of an entirely new insulation system. Readily adaptable for a 
wide range of applications, this metal-clad gear provides greater 
safety for personnel, ease of installation and reduced maintenance. 


insulation withstands higher temperatures 

Since the permissible operating temperatures of inorganic 
base materials is higher, the life expectancy of the insula- 
tion can be expected to be greater at the same operating 
temperatures as phenolics. The increase in life is approxi- 
mately 25 percent greater. 

The presence of electrical discharges in switchgear does 
exist on occasion as a result of partial insulation failure 
caused by excessive dust, corona, etc. A material with a 
low arc resistance will cause equipment failure under much 
less severe conditions than a material with a high arc re- 
sistance. Glass polyesters are self-healing and serious 
arcing is required to cause permanent damage. In general, 
molded phenolics exhibit a low arc tracking resistance, 
much lower than “XX” F.R. laminates. 


Although switchgear is designed to eliminate the possi- 
bility of a fire, the design engineer takes no chances. He 
uses flameproof or flame-retardant materials to limit fire 
damage should a fire ever break out. The flame-retardance 
index, which is a measure of a material's ability to ignite 
and keep burning, may be used to rate materials.! On an 
index range of +10 to —10 the polyester plastics average 
approximately +-3, indicating high flame retardance. 


The parts of a switchgear assembly may be subjected to 
severe shock forces. These are the impacts caused by heavy 
currents flowing in the conductors during a short circuit. 
All of the supporting insulation parts must withstand 
these forces without mechanical damage. Glass-polyester 
materials exhibit a very high impact strength, with both 
porcelain and phenolic impact resistance being less than 
one-quarter as good. 


For molded parts, glass polyester is outstanding in elec- 
trical and mechanical properties and molding ease, making 
it ideal for application as electrical insulation. Its molding 
ease lends itself to quantity production in applications re- 
quiring high impact strength, resistance to short-circuit 
forces, high arc-tracking resistance, low moisture absorp- 
tion and long insulation life even at elevated temperatures. 
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New bus insulation gives greater protection 

In order to take full advantage of the wide range of shapes 
that can be produced with glass-polyester insulation, a 
whole new concept of primary disconnect and bus joint 
insulation was introduced into the new 5-kv switchgear 
design. The basic problem to be overcome in this portion 
of the switchgear is the transposition from breaker dis- 
connects in a horizontal row to the vertical spacing of the 
bus bars. A new molded glass-polyester bushing serving 
several distinct functions is used, shown in Figure 2. The 
bushing acts as a support for the stationary disconnect 
studs, isolation of the stud, support of the main bus bars, 
and insulation of the transposition connectors. The addi- 
tion of one more molded part, a glass-polyester joint cap, 
completes the insulation system. The overlapping design 
of the cap creates a long path for an arc to travel, thus 
maintaining high impulse strength in a minimum of space. 
In reducing the number of separate pieces of insulation 
from five to two, the possibility of corona resulting from air 
gaps between parts has been lessened. An additional ad- 
vantage of the arrangement is that field assembly time may 
be reduced by thirty minutes per joint because skilled 
taping techniques are no longer needed. The old and new 
methods of bus insulation are shown in Figure 3. 


Low voltage insulation used for CT’s 

More efficient use of existing insulation coupled with other 
new materials has resulted in a relocation of the current 
transformers within the switchgear unit. All current trans- 
formers previously used in metal-clad switchgear were 
fully insulated for the primary operating voltage and in- 
stalled in high voltage compartments where they were not 
readily accessible. With the recent advances in oriented 
steels, it is now possible to make current transformers with 
one-turn primary windings that meet switchgear accuracy 
requirements. A toroidal transformer which utilizes the 


PERCENT WATER ABSORPTION MAXIMUM OPERATING TEMPERATURE 


ARC RESISTANCE — SECONDS FLAME RETARDANCE INDEX 


250 


IMPACT RESISTANCE - IZOD 
PHENOLIC GRADE XXFR 
GLASS POLYESTER GRADE GPO 


GENERAL PURPOSE - 
PHENOLIC MOLDING MATERIAL 


CHARACTERISTICS of phenolic “XX” F.R. and glass polyester “GPO” 
are compared to general purpose phenolic materials. (FIGURE 1) 
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insulated circuit breaker disconnect stud for its primary 
turn is used, thus permitting the transformer insulation to 
be sufficient only for the secondary voltage. Because of 
this efficient use of insulation, two additional operational 
improvements have come about: automatic isolation of 
the transformers from high voltage circuits when the 
breaker is withdrawn, and the ability to provide trans- 
formers on both sides of the breaker for differential relay- 
ing applications, as shown in Figure 4. 


PT’s molded for size reduction 

The potential transformer insulation is molded in one 
piece from an epoxy compound. The molding includes the 
primary and secondary coils and terminals and the insu- 
lated mounting studs for the primary fuse, as shown in 
Figure 5. The one-piece insulation system allows the use 
of a much smaller design and the inclusion of all high 
voltage parts in the one piece. 

The potential transformers are mounted on a tilting 
panel which revolves through a 180-degree arc when mov- 
ing from the disconnect to the connect position, as shown 
in Figure 6. The parts are so arranged that the mounting 
panel acts as a protective barrier, closing off the high volt- 
age compartment from accidental contact regardless of the 
position of the transformers. 

The primary connections are made to full-rated insulated 
bus bars. These bars are connected directly to the main 
high voltage disconnects, thus simplifying the insulation 
system and allowing a compact design with no compro- 
mise of safety or reliability. 

Although insulation problems are generally not asso- 
ciated with cable entrance compartments, failure to con- 
sider the requirements of various sizes and types of power 
cable will inevitably cause insulation troubles and possible 
failures. The new line of switchgear has provision for all 
known types of cable in the sizes needed, whether the 


. 


CONNECTING groups of switchgear during installation or adding units 
later is greatly speeded by use of new bus joint caps. (FIGURE 2) 
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cables enter from above or below. Either potheads 
cable lugs may be provided. Clearances are more tha 
sufficient for any arrangement, and the use of a cable cos 
partment which extends the full height of the unit allow 
ample space for the proper construction of stress cones 
where required. 





New insulation makes possible other features 
The insulation system of the new equipment is completed 
with the use of high impact glass-polyester inter-unit bi 
supports and other slab-type insulating pieces, flame-1 
tardant plastic bus bar tubing, and high impact molding: 


for secondary disconnect supports. 





In addition to the application of a unique insulat 
system to the new switchgear, plus the extra operatios 
features inherent in the system, many changes in mecha 





i Ris 





ical features have been made to simplify installation, i: ; — 
f : | h ey: eer Ef CURRENT TRANSFORMERS are shown with the shutters blocked open 

crease case or Operation, lengthen ine ise or the “es and metal covers removed. When breaker is removed, CT’s are dead 

gear, and increase operator safety. Simplified racking if and completely segregated from the high voltage compartment. (FIG. 4) 


interlocking of the breaker and relocation of component 
have also contributed to the improved design. 

Use of new concepts of insulation application have 
sulted in a switchgear design which fulfills the needs 
the user by providing increased reliability, safety and ope: 
ating ease, while reducing the amount of space requir 
to handle today’s power loads. 


REFERENCES 
1 “Flameproofing Switchgear,’ J. H. Michael, Allis-Chalm« 
Electrical Review, 4th Quarter, 1957. 
2 “Testing Flame-Retardant Quality of Insulation,” R. H. I 
bert, Allis-Chalmers Electrical Review, 4th Quarter, 1957 


EPOXY molded insulation 
serves to insulate and seal 
potential transformer wind- 
ings and provides a mount- 
ing for the fuse. (FIG. 5) 





FUSED primary and secondary windings are both disconnected when 
PT is in tilted out position. A grounded metal plate isolates the 
PT’s and fuses when they are in the connected position. (FIGURE 6 














Mutual Inductance in 





by A. H. KNABLE 
Switchgear Dept. 
Allis-Chalmers Mfg. Co. 





Here is a method for finding mutual 
inductance needed to determine induced 
voltages, circulating currents or voltage 

drops in conductors. 


WHILE SOLUTIONS to most common inductance prob- 
lems are available to engineers in tables, curves and other 
published data, many problems in determining mutual in- 
ductance involve unusual arrangements for which data are 
not available. 

An understanding of the basic flux linkage calculations 
will enable one to solve nonstandard problems. When 
tables fail to serve the purpose, recourse to the funda- 
mentals of flux linkage will simply and directly yield the 
solution to such problems. 


The first example will illustrate the method; also, a check 
by means of standard tables will assure its validity. 


Example 1: 
<- ia 1’->| From the appendix 
Given: : _ we have derived the 
1 2 3 


2 following relation: 


=f 2I/ ws 
o= n 
and ene. = 2ln >) 
I r 


3— 500 mcm Cu conductors 





Flat Spacing = 1 foot apart 


Find: Positive sequence reactance of conductors 


Solution: By summation of flux linkages 
$1 = (¢11+¢12+¢13) = 
D D 
9 a2 
1,2ln B., +122/n D “i +132/n Dis 
p2 = (b21-+22+¢23) = 
D 
412 es 
1,2ln Ds, +122/n Das +132/n Dos 
$3 = eadhaalbiinea: 3 = 
12in5 = ts 2In +5 > bls2le D 
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Unusual Arrangements 


Rewriting ¢; yields: 
$ = (+1o+13 ) mD—2 (1ylnD i, +1olnD 2 +-13lnD 43 ) 
since in a balanced system 3% = 0, the 1st term 
becomes zero 
also (1)-+-12+]3) = (11-+47I,+-al,) 
>) = — 2], (InD,,+47lnDj2+alnD j3) = 


3 
= ( InDy.— iba a VslnDis-+ 
V3 
J V3 nD is) 


Combining terms: 





d=h ( In ae +iV3in 5" :) 
L= : = ln ae = +7\/3ln Du) abhenry/cm 
Similarly 
n= ; =-—2 ( ln ae _ : +iV3in > *)abhenry/m 
i= . =—J ( In ae + \V3In > ®.) abhenty/om 


By definition “GMR,” geometric mean peney is that con- 
ductor radius that will compensate for internal conductor 
flux. Thus let D,;;—=Do2.—Ds33—=GMR. From the 
appendix we have derived that: GMR = (.779r) 


Numerically: 
Dy; = Doo = D33 = GMR = .312 in. 
D2 = Da = Dog = Dg2 = 12 in. 
Dis = Ds; = 24 in. 


r / 288 2 
aie (a) +iV3in( 5 24 )] 


= (7.99—j1.05) = 8.05|_ —7.5° abhenry/cm 


iy 144 ve 
— Tae iy /3 ea 
™ = (sr5) IN n(33 ) 


= (7.30—jo) = 7.30|__0° abhenry/cm 


i 288 vf 12) 

a) / ———  / : 
as | “(on ) TIN 3In(3, ) 
= (7.99—71.05) = 8.05|_—7.5° abhenry/cm 


If line is transposed the average can be used. 











Conversion factor to practical units is: 


f ( abhenry 
sy 
[S 10-° henry X 2. 54 i cm X 12 in. — ft) \ 
- —, henry/mi 
abhenry in. ft | 








In terms of 2/mi: 
( (abhenry/em) x10 ® 2.54 125280 377 ) 
=] (abhenry/cm) X.0608 | Q/mi 
L,+L2+L:; 7.99+-7.30-+7.99 
1+Le+ *) = 0608 ( 99+-7.30+7 ) 


3 3 
= .0608 X 7.76 = .472 2/ mi 





 — 0608 ( 


From standard tables: 

xp = (X%a+x%a) = (.443+.029) = .4720/mi 

With these the fundamentals have been demonstrated 
and the validity verified. 


Consider next a problem whose answer cannot be found 
in a convenient table. 


Example 2: 


; 10” ; 
< ——> | 
1 4 
Given: @) @ ® 
YY 
ie jv” 





4—500 mcm Cu conductors 

No. 1-2-3 conductor 3 ¢ Line 
No. 4 conductor parallel circuitry 
Find: 


Magnitude of induced voltage in conductor No. 4 due 
to positive sequence current flow in conductors No. 1, 2 


and 3. 
| Solution: 
| ou(4) = sg ihc = 

[1 2In kil 2In~ +Is 2in 5 >| 
D4; D42 oF 3 
rewriting @y,4) yields: 
In(D42D43) |. =, (D12) 
| duo =h| D,.3) = -+7\/3ln a) | 
_ Oca) Dy2D43 
| oe Lua) = lL; ( (Dis )2 ~+/j,\/3ln a) 
| A 
Numerically: 
De — 20 oh. 


D4; => Dz = 10 in. 


1110 
L=(s (10)2 +iV3In 75 ) 
= (.0953+ 7.1651) = .1908| 60 


Xy = .0608(.1908) = .0116 2/mi 
Emax == [maxX m = 100.0116 = 1.16 volts/mi of 
parallel circuitry 


Emax 1.16 


Ens = 5 A = .823 volts/mi of 


parallel circuitry 


Another case that will illustrate the fundamental ap 
proach is a study of dc circuitry response during transient 
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conditions. The L/R time constant of a dc circuit containing 
cable or line can be determined with the aid of flux linkage 
calculations by noting spacing and polarity of conductors. 
It should be noted that conductors having the same polar- 
ity as the conductor for which the flux linkages are being 
calculated should be considered as contributing plus link- 
age, and conductors with opposite polarity should be con- 
sidered as contributing minus linkage. For the following 
example the linkages would be: 





CALCULATION of time constant for cables in direct 
current circuits is shown in a four-cable problem. 
oi = $4 = burt tea 


D D 
mee 2in 5 ere 2iIn 5 +1,2/n a 1,2/n 
Di; Di» Dj; 


= 1,2 [ _ nD y,+-1nD»- = win’ 


with + - then 
Dj2D 
Li(+) = : 2In ( D..D.. ) abhenry/cm/cond. 
with + + then 
fai) Sez [ indi InD sands —InD | 
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Dy2D;: N D 
Lai-) = : —2In ( Doe) abhenry/cm/cond. L= " —2In : abhenry/cm 
al Livan t+ Li-) The above expression only considers the flux linkage 
Ly 2 = 30.5In from the surface of the conductor out. The internal flux 
, l 
(Boo po ) x 10-8 linkage results in an inductance of > for solid conductors. 
Dy,Dy3D 11D 14 4 
D e 2 . . . ° se 
L,(**) — 30,5/n ( *) % 10-8 = Derivation of internal inductance: 
Di _ MMF _ 4qNI 
D ” — ous 
( 6lln ( =) Sc 70-* ) enry/1000 ft/cond. R l 
Dy nA 


These are two examples out of many which demonstrate 
that a knowledge of fundamentals is practical. 

Consideration of zero sequence impedance of transmis- 
sion lines is another problem that lends itself to flux 
linkage analysis. However, here the earth return path 
must be established before one proceeds with the calcula- 
tions. The actual earth current return path is quite deep, 
depending upon the earth’s resistivity in the area. The 
depth being in the order of 2000 ft for f = 100 ohms.* 
Furthermore, if there are overhead ground wires involved, 
the current splits accordingly, to establish equal voltage 
drops. Special problems of this nature can be analyzed 
by means of the flux linkage approach from which spe- 
cialized “tailor made” curves can be constructed for future 
reference. 





* Symmetrical Components, page 146, by Wagner & Evans. First 
edition, 1933. CONTRIBUTION of internal flux link- 
APPENDIX age is determined for this configuration. 


; : MMF 
Starting with ¢= {- = 
at 
4rN 1 pA 
dp = sie 





27x 
where: 
1 . te fea os 
r r 
I, = - I 
ye 
Adin == ( 2 de ° ech Indx ) 
” r 
x 
a 2pl x* / _ # I 
Pin — A 4 . — > 
ey Pin ss BB 
EQUATION of flux linkage external to the L= ik & 
conductor is based on these parameters. a 
but po 1.0 
__.4xN(lamps) — 4xN (1 abamps) ae een 
—— R oman R ee in 2 
4rNI 4nrNIpA The total inductance is: 
is — -where N = 
l/pA 2nr 1 D 1 D ie D 
pal > +2ln— ee gta =2 | Ine’“In 9 
2Idr eee. 
do = ; Combining yields: 
d D D D 
— =. é Zz a =2In - 
i 21Inr/ = 2Iln - maxwells * ( re" ) =i 7799 " GMR 
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ONE OF THE FIRST POWER TRANSFORMERS in th: w Terre Haute transformer facility is shown under test 
on the impulse test floor. The three-million-volt impulse generator is at the right. The transformer is a 7500 
OA/9375 FA kva, 132,000 delta/4160 Y-volt unit. scillograms are recorded in the control room from which the 


generator is operated, and an observatory above the « yntrol room is provided for visitors who witness the tests. 
Allis-Chalmers Staff Photo by Clarence Hansen 


re 

















CONSTRUCTION OF 


ALIGNMENT 
NOMOGRAMS 


and their Application to 
Engineering Problems 





D. B. KECECIOGLU 

Asst. to Director of 

Mechanical Engineering 

and 

R. W. OPPERTHAUSER 
Allis-Chalmers Mfg. Co. 


Here’s how alignment nomograms can 
help you convert data into a handy form. 


ANY SINGLE CARTESIAN CURVE or a pair of curves 
can be converted into an alignment nomogram. Any fam- 
ily of curves which is bilineal can also be presented in an 
alignment nomogram form. This can be done with an 
accuracy of better than 1 percent. Non-bilineal families 
of curves can be converted to alignment nomograms, but 
with reduced accuracy. The accuracy decreases as the 
divergence from bilineality increases. 


Alignment nomograms are very useful because they are 
easier and quicker to use, especially when they are used 


IN 


TION 


C 


MAXIMUM DEFLE 


in making repeated calculations, and they can be used 
to extend, through accurate interpolation and extrapola- 
tion, the range of experimental data. 


Simplified methods of converting simple curves as well 
as complex families of curves into alignment nomograms 
are given herein. A method of accurately interpolating and 
extrapolating experimental data is presented. The condi- 
tion for exact conversion to alignment nomograms is 
pointed out. 


Empirical data are usually presented in the form of a 
Cartesian chart, also called a concurrency nomogram. 
When three or more variables are involved, it is necessary 
to express the resulting relationships by a family of curves. 
To give good coverage to the relationships, the family 
must have a large number of curves with the result that 
experimentation time, necessary to establish these curves 
through sufficient data points, becomes excessive. 


By using the techniques of alignment nomography, it 
is possible in some instances to greatly reduce experi- 
mentation time while increasing the family of curves to 
any desired number of members. Furthermore, the ease 
and accuracy of reading the value of a third quantity from 
a knowledge of two quantities which affect the third quan- 


LOAD P - LBS 


)EFLECTION 
IN 


ALIGNMENT NOMOGRAM of a single line is simply constructed. (FIG. 1) 
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0 2 4 6 8 
LOAD P = 100 LBS 
(c) DEFLECTION OF CENTRALLY LOADED SIMPLY SUPPORTED BEAMS OF 
VARIOUS DEPTHS WITH b = 4", L ~ 120" 
LOAD P - LBs 
800+ 
DEFLECTION 
3- IN 
0 
1 
0.001 
L0.002 
0.003 
0.004 
L0.005 
Y 
od (b) ALIGNMENT NOMOGRAM OF (0) 


CONSTRUCTION of alignment nomogram for family of lines makes 
possible direct interpretation of a third variable. (FIGURE 2) 
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tity, such as is the case in a family of curves, are in- 
creased substantially. 


Construct alignment nomograms from 

empirical data 

Simple Nomography 

If the concurrency nomogram happens to be a straight 
line, construction of the corresponding alignment nomo- 
gram is simple. Figure 1 serves to illustrate the method. 
The Cartesian coordinate scales X and Y, corresponding 
to the scales in Figure 1a, are set up parallel to each other 
an arbitrary but convenient distance apart, as shown in 
Figure 16. Any two points A and B which lie on the line 
in the concurrency nomogram of Figure la are then 
chosen, and the coordinates of each point are located on 
their proper scales in the alignment nomogram. Straight 
lines drawn through the corresponding points in the two 
sets of alignment coordinates intersect at point P. Any 
point in the concurrency nomogram which lies on the 
given line A - B is represented in the alignment nomogram 
by a line passing through fixed point P. 

Conversely, scale X can be set up, a fixed point P 
selected, line Y drawn at such a distance away from P 
as to give a convenient scale on Y, and then the gradua- 
tions on Y can be marked using Figure 1a. 


In this manner the alignment nomogram of Figure 14 
can be constructed, from which the maximum deflection 
of a given simply-supported, rectangular steel beam with 
various central loads can be easily determined. 


If desired, point P can be located between the two 
coordinate scales by reversing the direction of graduation 
of one of the scaies, as was done in Figure 2. 


Frequently a family of curves, such as shown in Fig- 
ure 2a, is used to express the relationship between three 
variables. An alignment nomogram can be constructed 
for the entire family of curves by choosing points on each 
curve, locating the fixed point for that curve, and repeating 
the process for all the curves in the family. A different 
fixed point will exist on the alignment nomogram for each 
curve in the family. Joining these points gives a third 
scale in Figure 26, which in this case represents the depth 
of a beam. In this manner the alignment nomogram of 
Figure 2d is obtained from which the maximum deflection 
in the beam of Figure 1, for various beam depths, can be 
easily obtained. 


Rectification of Curves 
Alignment nomograms may also be constructed from non- 
linear functions, provided suitable scales are used. 

A curve may be rectified as shown in Figure 3. In 
this figure, a straight line is drawn through the extremities 
of the curve. Points on the X scale are projected verti- 
cally to the curve, thence horizontally to the straight line, 
and then vertically to the X’ scale. Scale X’ is called 
a “functional” or “transformed” scale, and is used in place 
of the X scale in constructing alignment nomograms. The 
transformed scale is then used to construct the alignment 
nomogram of the curve in Figure 3, by employing the 
same method as that used for a straight line, Figure 1. 
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In this manner the area moment-of-inertia of rectangular 
beams with various depths can be obtained. 


Two curves in a concurrency nomogram may be recti- 
fied simultaneously by using two transformed scales. This 
process is demonstrated in Figure 4. A “steplike” series of 
lines, a b c..., is drawn between two curves, which are 
sufficiently close together to permit the drawing of five or 
more steps. Two parallel lines are drawn at a convenient 
angle, as shown in Figure 4, and a corresponding set of 
step-like lines, a’ 5’ c! . . ., is drawn between the parallel 
lines. The transformation curves of Figures 4c and 4d are 
then drawn by connecting the respective intersections of 
the vertical steps in Figure 4b with the horizontal steps in 
Figure 4a, and the horizontal steps in Figure 4b with the 
vertical steps in Figure 4a. The transformed scales in Fig- 
ure 4b are calibrated by projecting the original scales to 
the transformation curves and thence to the new axes 
which are perpendicular to the original axes. 


The angle at which the parallel lines are drawn in Fig- 
ure 4b governs the relative lengths of the two transformed 
scales, and the distance between the parallel lines governs 
the absolute lengths of these transformed scales. By 
proper choice of these two variables, the utility and accu- 
racy of the alignment nomogram may be greatly increased. 


Using the transformed scales of Figure 44, a nomogram 
can be constructed by the method illustrated in Figure 1, 
from which the stress concentration factor in the shoulder 
fillet of a circular shaft in torsion can be obtained. 


It should be noted that rectification by two transforma- 
tion curves, applied to only two curves of a family, need 
not rectify all curves of the family. Such is the case for 
the D/d = 1.09 curve in Figure 44, which did not turn 
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CURVES are tested for bilineality. (FIGURE 5) 


out to be a straight line. Only curve families which have 
a property called “bilineality” can be transformed into 
straight lines by rectification. 


Test for Bilineality 

A simple test of “bilineality” is demonstrated in Figure 5, 
which, if satisfied by three curves having a common point, 
assures rectification by two transformed scales.2_ This test 
is satisfied when the construction of a rectangular chain, 
starting at any point P; on the middle curve, forms a closed 
loop. The test should be applied to, and must be satisfied 
by, several points on the curves, such as point P» also. 
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FAMILY OF CURVES can be rectified by transformation curves. Align- 
(FIGURE 4) 


ment nomogram is constructed from transformed scales. 
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STRESS CONCENTRATION factors in bending for a 
shaft with a shoulder fillet* are shown. (FIGURE 6) 
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ALIGNMENT NOMOGRAM made from Figure 6 shows how extrapo 
lated and interpolated values extend range of useful data. (FIG. 7) 





GRAPHICAL METHOD ILLUSTRATES how the interpolated and 
extrapolated points are located on the D/d scale. (FIGURE 8) 
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A family of more than two curves can thus be rectified 
by the use of only two transformed scales if the family is 
bilineal. Once the curves are rectified and the transformed 
scales calibrated, the previously described methods can be 
used to construct their alignment nomogram. 


Alignment nomograms constructed from exactly bilineal 
concurrency nomograms would usually give values which 
do not deviate by more than 1 percent from those obtain- 
able from the concurrency nomogram. 


Should the family of curves slightly deviate from bi- 
lineality, attempts to calibrate the third scale will result 
in the formation of small areas rather than the desired 
points. An alignment nomogram which satisfactorily 
approximates the true function can still usually be obtained 
by using the centroid of the small areas for the calibration 
points. Accuracy of the nomogram, however, will obvi- 
ously decrease as the size of these areas increases. 


Alignment nomograms have wide application 


Interpolation and Extrapolation 

Curves for stress concentration factors in shafts with a 
shoulder fillet in bending* are given in Figure 6. The 
solid lines in Figure 6 indicate the curves used to construct 
the alignment nomogram of Figure 7. The broken lines 
in Figure 6 indicate the curves interpolated with the use 
of the alignment nomogram of Figure 7; whereas the 
dot-dash line in Figure 6 indicates the extrapolated curve. 


Interpolation was accomplished by constructing the 
alignment nomogram by the methods discussed previously, 
and then calibrating the third, D/d, scale into finer divi- 
sions (interpolation) by the method illustrated in Fig- 
ure 8. The method consists of laying out a “linear scale,” 
usually perpendicular to the original scale, or to the pro- 
jected scale as shown in Figure 8a, and forming a trans- 
formation curve from the intersection of corresponding 
points projected from the two scales. In Figure 8a, the 
“linear scale” was laid out at an angle of 30 degrees with 
the D/d scale in order to expand the D/d scale via the 
“inclined projection” technique and to make the transfor- 
mation curve easier to use. A second “expanded linear 
scale” has been used in Figure 84 to calibrate, in a similar 
manner, the lower end of the D/d scale, where a small 
change in the value of D/d corresponds to a large change 
of length on the D/d scale. 


The values on the left of the D/d scale, in Figure 7, 
were obtained thusly by interpolation and through the use 
of the transformation curves of Figure 8. The curves for 
these values were then drawn in Figure 6, as the broken 
lines, by using the alignment nomogram of Figure 7, and 
the corresponding point established on the D/d scale. 


Extrapolation was accomplished by extending to the 
right the transformation curve in Figure 8a, assuming that 
the trend established in this curve would persist as such in 
the extrapolated range beyond D/d=6. The same con- 
struction procedure as for interpolation was then used to 
locate the point for D/d = 7.5 on the D/d scale in Fig- 
ure 7. Using this point, the dot-dash line of Figure 6 was 
drawn in as an illustration of the extrapolation technique. 
It must be mentioned that the accuracy of the extrapolated 
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NATURAL VIBRATION frequency of unloaded uniform beams with tubular 
(FIGURE 9) 


cross-section and three types of end supports is given. 


curve depends very heavily on the accuracy of extending 
the transformation curve in Figure 84; consequently, it 
may be seen that accuracy in extrapolation is limited to a 
small range. 


Through this technique of interpolation and extrapola- 
tion, the useful range of experimental data can be extended 
and much experimentation time and money can be saved. 


Summary of Process of Interpolation 

and Extrapolation 

The process of applying alignment nomography to inter- 
polation and extrapolation of families of curves may be 
summarized as follows: 


Construct concurrency nomogram from test data (Fig- 
ure 6, solid lines) then test for bilineality (Figure 5). If 
bilineal, construct transformation curves and calibrate new 
scales (Figure 4). Using the transformed scales, construct 
alignment nomogram and calibrate the third scale with the 
available test data (Figure 7). Continue calibration of 
third scale by means of a transformation curve and a linear 
scale (Figure 8) and transfer to the alignment nomogram 
the interpolated or extrapolated points obtained via the 
added calibration of the third scale (Figure 7). If desired, 
convert these points to interpolated or extrapolated curves 
in the original concurrency nomogram (Figure 6). 


Simplification of Data Reading 

Figures 9 and 10 are an example of how alignment nomo- 
grams can be used to simplify the reading of data from 
families of curves. In Cartesian form, six lines must be 
drawn, as indicated in Figure 9, to obtain the frequency’; 
whereas the alignment nomogram in Figure 10 requires 
only three lines. 


The nomogram of Figure 10 was obtained in two steps. 
In step 1, the following procedure was followed: 
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FIRST EXAMPLE of simplification of data reading shows how 
three steps can be saved to determine frequency. (FIG. 10) 


The L?/D scale was transformed so that reference 
curve 1, of Figure 9, became a straight line and the trans- 
formed but inverted L*/D scale and the linear frequency 
scale were laid out parallel to each other, a convenient 
distance apart, as shown in Figure 10. The reference 
point A, representing reference curve 1, was located on the 
alignment nomogram. A second, but inverted and linear, 
L?/D scale with graduations the same as for the Cartesian 
L?/D scale was laid out parallel to the frequency scale at 
a convenient distance.* Using the two linear scales of fre- 
quency and L*/D, the second reference point representing 
reference curve 2 was located. The three points which ac- 
count for the three different types of beam-support were 
located next and points corresponding to the various ¢/R 
values were located last. 


It was found that the nomogram constructed in this 
manner saved only one step over that required to read the 
original chart of Figure 9, though it greatly simplified the 
procedure. It was realized that reference curve 2 had the 
function of converting an ordinate value to an abscissa 
value and vice versa. Furthermore, it was found that this 
process could be eliminated by proper construction of the 
alignment nomogram. 


In step 2, the revised alignment nomogram of Fig- 
ure 10 was constructed as follows: 


The procedure in step 1, up to the asterisk, was used 
again. The frequency scale in Figure 10, though it repre- 
sents the ordinates of reference curve 1 in Figure 9, was 
taken to be the abscissa of the type-of-beam-support curves 
given in Figure 9, and the linear L*/D scale of Figure 10 
was taken to be the ordinate of these type-of-beam-support 
curves. These curves were then transformed to points B, 
C and D in the alignment nomogram. Changing the point 
of view, the linear L*/D scale and the frequency scale were 
taken to be the abscissa and ordinate, respectively, of the 
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curves for various ¢/R ratios. The ¢/R curves were then 
transformed to points which, when joined, gave the slant 
line in the alignment nomogram. Since no numerical 
values are read from the linear L?/D scale, the graduations 
have been omitted and the scale has simply become a refer- 
ence line called “index.” 


In this manner the natural vibration frequency of un 
loaded steel or aluminum beams with a tubular cross sec- 
tion and three different end-support conditions, can be 
determined very conveniently, quickly and accurately. 


Another example of simplification via alignment no- 
mography is given in Figures 11 and 12. Figure 11 was 
reconstructed from a chart used to estimate centrifugal 
compressor efficiency. The same data is presented in Fig- 
ure 12 in alignment nomogram form, which obviously is 
less confusing and easier to use than Figure 11. 


The alignment nomogram in Figure 12 was obtained 
as follows: 


In the absence of an ordinate scale in Figure 11, an ar- 
bitrary scale was chosen. Having found that the curves 
were sufficiently bilineal, each one of the two families of 
curves, namely volume and gas constant (£), were then 





rectified separately and the transformed scales were cali- 
brated. Rectification of each family resulted in a different 
transformed scale for the original ordinate scale. The trans- 
formed pressure-ratio scale and the ordinate scale, desig- 
nated as “index” in Figure 12, were drawn parallel to each 
other a convenient distance apart. Points representing the 
family of curves for various &-values were located. The 
transformed efficiency scale and the second index were 
drawn parallel to each other at a convenient distance. The 
points representing the family of curves for various inlet 
volumes were located. The two indexes were placed to- 
gether for ease in transferring readings from one to the 
other. 


In this manner the adiabatic efficiency of an uncooled 
centrifugal compressor, when compressing different gases 
at various pressure ratios and inlet volumes, can be esti- 
mated very conveniently and quickly. The efficiency values 
obtained from the alignment nomogram will be within 
2 percent of the values obtained from the concurrency 
nomogram. The reduced accuracy is the result of slight 
divergence from “bilineality,” whereby the points on the 
& and inlet volume curves are not exactly points but tiny 
areas. The curves for & and inlet volume are consequently 
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ADIABATIC EFFICIENCY of an uncooled centrifugal compressor is given 


and its nomographic representation is shown in Figure 12. 
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(FIGURE 11) 
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SECOND EXAMPLE of simplification of data reading illustrates how 


loaded compressor performance can be easily interpreted. 


curves drawn through the centroid of these tiny areas on 
the alignment nomogram. 


The construction of simpler alignment nomograms is 
covered by John Baude.® 


Construction must be accurate 

In the examples presented here, the construction of the 
alignment nomogram proceeded from the concurrency 
nomogram, hence any error in the construction of the one 
will affect the accuracy of the other. However, the ease of 
reading alignment nomograms tends to increase the accu- 
racy of the value sought. If reasonable care is exercised 
in the construction of an alignment nomogram from a 
family of curves which is exactly bilineal, an agreement of 
better than 1 percent can be expected between the values 
obtained from a concurrency and an alignment nomogram. 


The accuracy decreases as the families of curves diverge 
from “bilineality.” Nevertheless, the amount of inaccu- 
racy can be determined by comparing the graphical values 
obtained from both the concurrency and alignment nomo- 
grams. The nomogram value can thus be properly com- 
pensated for by the amount of inaccuracy, if necessary. If 
required, the accuracy of such nomograms can also be im- 
proved by successively recalibrating one or both of the 
transformed scales.” 


Alignment nomograms simplify data analysis 
Alignment nomograms can be constructed from any 
straight line or family of straight lines in a concurrency 
nomogram. Any single curve or pair of curves, and any 
family of curves which is bilineal, can also be presented in 
alignment nomogram form. 

Alignment nomograms have the following advantages: 
(a) They are easier to follow than the concurrency nomo- 


(FIG. 12) 


graph. Compare Figures 6 and 7. (4) They tell the 
reader at a glance in which direction and how much he 
should vary the independent variables in the nomograms 
to obtain the desired value for the dependent variable. 
Compare Figures 11 and 12. (c) They eliminate lengthy 
and repeated calculations. (d) They reduce the number 
of steps required to obtain the desired value. Compare 
the six steps required in Figure 9 to the three steps in 
Figure 10. (e) They permit accurate interpolation and 
extrapolation. See Figures 6 and 7. All of these advan- 
tages undoubtedly result in substantial savings in time 
and money. 


The methods presented here for constructing alignment 
nomograms of simple or complex curves, of a single curve 
or a family of curves, are easy to comprehend and apply. 
Consequently, the liberal use of the presented alignment 
nomography techniques, especially when repeated calcu- 
lations or costly experiments are involved, is highly rec- 
ommended. 
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LARGEST SEALED TANK, 300,000-KVA POWER TRANSFORMER is installed in an Ashtabula, Ohio, 
generating station. The 442,000-pound transformer, connected to a turbine-generator, will boost 
18,000 volts to 132,000 volts for the important Ohio coal and iron ore city and its surrounding area. 

Allis-Chalmers Staff Photo by Mike Durante 
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DELTA-Y transformer bank supplies substation having 
typical Y-connected, 114-kva, 7620-volt, single-phase 
distribution regulators, shown in the background. 
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INSIDE-THE-DELTA CONNECTION 


by J. E. JACOBSEN 
and 
A. S. LINDWAY 


Regulator Department 
Allis-Chalmers Mfg. Co. 


Inside-the-delta operation permits the 
selection of minimum kva rating of 
voltage regulators where system 
conversion to Y operation is planned. 


LONG-RANGE CONVERSION PROGRAMS to higher 
system voltages are the result of increasing demands being 
placed upon utility systems plus a desire by the utilities to 
provide favorable voltage to the user. Many of these plans 
include system conversion from delta to Y operation to 
obtain the higher voltages. Serious consideration is being 
given to existing heavy load problems as well as thos: 
problems which will develop during system conversion 
However, since such a conversion usually takes years t 
complete, the problem of selecting regulating equipment 
must take into consideration both present and future 
operation. Voltage regulators that can be readily and eco- 
nomically applied both prior to the program completion as 
well as after are desired. 


Important in regulator selection is the choice between 
a three-phase regulator or three single-phase regulators 
This choice also affects utilities planning to retain their 
delta-operated systems as well as those using Y-connected 
systems. Before this decision can be made, the choice of 
operating newly purchased regulators in a delta or an 
inside-the-delta arrangement on present systems should be 
considered. 
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Operating three-phase regulators delta or Y 

The schematic diagram for a three-phase regulator de- 
signed for either delta or Y operation is shown in Fig- 
ure 1. Figure la shows a standard three-phase regulator, 
Y-connected internally. The addition of a reduced-voltage 
tap on the potential supply would allow operation on a 
delta system which is to be converted to a Y system at a 
later date. 


Figure 14 shows the delta connection of a three-phase 
voltage regulator equipped with a delta-Y terminal board. 
Reconnecting this unit in Y allows it to be operated on 
the converted system. Operation in delta, as shown, will 
increase the percentage of regulation by 50 percent. 


When choosing the rating for a three-phase regulator to 
operate delta or Y, a common practice is to select the regu- 
lator voltage rating equal to the Y voltage of the three- 
phase transformer bank and a current rating equal to the 
delta line current of the bank, as the series winding is in 
series with the line. 


Regardless of the regulator selected, the rating of the 
unit for operating delta or Y will be 1.73 times as large as 
a regulator designed to operate with only one of the con- 
nections. 


Operating single-phase voltage regulators 
delta or Y 


The schematic diagrams for three single-phase regulators 
connected in closed-delta is shown in Figure 2. As with 
three-phase regulators, the kva rating of the single-phase 
units, which are to be operated at either the closed-delta 
or Y connection, will be 1.73 times larger than the units 
used for the Y connection only. The closed-delta connec- 
tion also increases the percentage of voltage regulation 
by 50%. 


If the additional voltage regulation is not required, the 
more economical application of single-phase units on a 
delta system in the process of conversion to Y is to use two 
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THREE-PHASE regulator permanently connected Y can be used on 
a delta system, but a reduced potential tap is required. (FIGURE 1a) 


single-phase regulators connected in open-delta. Upon 
system conversion, it would be necessary to add an addi- 
tional unit. 


Inside-the-delta connection saves kva 

The advantages of delta-connected units are not so pro- 
nounced as those offered by inside-the-delta connections 
where a six-wire supply, such as from single-phase trans- 
formers, is available. 

Three-phase or equivalent single-phase regulators can 
be used with inside-the-delta connection. The three-phase 
regulator for inside-the-delta operation must be equipped 
with a special terminal board to change to the delta con- 
nection, and a reduced-voltage tap for operation at the delta 
voltage. Figure 3 shows the connection of single-phase 
regulators for inside-the-delta operation. This arrangement 
is similar in many respects to the three-phase unit equipped 
with a special terminal board to make the necessary changes 
to the delta connection, as shown in Figure 4. When the 
regulators are connected to operate inside-the-delta, the 
kva capacities of the regulators can be reduced by 57.8 
percent of the closed-delta arrangement, since the regu- 
lators now carry only inside-the-delta current of the supply 
transformer secondary windings and not line current. With 
inside-the-delta operation the delta is closed by the regu- 
lator and not at the transformer. Thus, large savings can be 
made in regulator kva capacity on a system using this 
method. However, either three single-phase transformers 
or a three-phase transformer equipped with six low voltage 
bushings is needed for inside-the-delta connections. 


In comparing the delta connection with inside-the-delta 
operation, the delta connection with three single-phase or 
an equivalent three-phase 10 percent regulator provides a 
line regulation of 15 percent, while 10 percent regulators 
connected inside-the-delta will provide 10 percent regula- 
tion. Upon converting to the Y connection, the former 
delta connection will now provide only 10 percent regu- 
lation, while inside-the-delta conversion will still yield 10 
percent. Although the line regulation with delta opera- 
tion is greater, regulator kva of 17.3 percent of the through 
kva is required instead of the 10 percent required by the 
inside-the-delta connection. Therefore, the kva rating of 
the units selected for delta operation will be 73% greater 
than the normal Y requirements upon conversion to the 
Y connection. 
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THREE-PHASE regulator having a delta-Y terminal board for 
changing internal connection is shown connected delta. (FIG. 1b) 





THREE SINGLE-PHASE voltage regulators connected for closed- 
delta operation provide 50 percent more regulation. (FIGURE 2) 
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THREE SINGLE-PHASE regulators are shown con- 
nected inside-the-delta. Series windings carry = 
transformer inside-the-delta current. (FIGURE 3 
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EXTERNAL regulator connections to transformer terminals for a 
three-phase regulator are shown for _ inside-the-delta operation 
Unit must have delta-Y terminal board to make necessary internal 
connections for changing the system to Y operation. (FIGURE 4) 


Circulating currents a problem with unbalanced 


deltas 


When three single-phase regulators are connected inside- 
the-delta and excited by three single-phase delta-delta or 
grounded-Y delta-connected transformers, a special but 
simple control circuit is required to prevent the regulators 
from “running” apart under unbalanced conditions. This 
control is needed because circulating current can flow with 
inside-the-delta operation and not with the usual closed- 
delta connection. 


In the usual closed-delta connections, shown in Figure 2, 
any unequal turn ratios that may occur within the closed- 
delta will result only in one or more of the regulators 
drawing more exciting current. This unbalance appears 
as a single-phase load and will not cause circulating current 


Figure 5 shows three single-phase regulators excited by 
three single-phase delta-delta-connected transformers 
Regulator phases B and C are on neutral position, and 
regulator phase A is on the 10 percent boost position 
This unbalanced turn ratio within the delta will result in 
regulator phase B being connected to a source voltage of 
approximately 105 percent line voltage. This occurs be- 
cause regulator phase B is free to change its phase angle 








However, when the same single-phase regulators are ex- 
cited by the same three single-phase transformers but con- 
nected to regulate inside-the-delta, as shown in Figure 6, 
an entirely different condition exists. When the turn 
ratios of the regulators become unequal as before, a circu- 
lating current will flow because an ideal path for these 
currents is provided. 

Unlike the previous example, the three single-phase 
regulators are not as free to change their relative angular 
displacement, because each phase is now fixed to the phase 
relationship of the supply transformers. This circuit is 
analogous to three single-phase load tap-changing trans- 
formers connected in delta. The magnitude of the circulat- 
ing current will depend upon the unbalanced voltage, as 
measured at an open corner of the delta, divided by the 
loop impedance. The loop impedance can be measured by 
applying a voltage to an open corner of the delta-connected 
regulators and short-circuiting the supply transformers, as 
shown in Figure 7. 

Eo A 
Ic 
where Eos — applied voltage to open end of delta. 


Loop impedance Z;, = 


Io = circulating current. 

Also, Z; equals approximately three times the short- 
circuit impedance of the supply transformer bank, plus 
three times the short-circuit impedance of one regulator. 
Therefore, assuming a normal transformer of 5 percent 
impedance and a regulator of 0.4 percent maximum im- 
pedance, the total loop impedance would be three times 
5 percent plus three times 0.4 percent equals 16.2 percent. 
With this loop impedance the regulators could be as much 
as five steps apart before the circulating current would 
normally be considered excessive. At ¥ percent volts per 
step, the circulating current at five steps apart would be 

5 & ¥% & 100/16.2 = 19.3 percent 


circulating current, or roughly 4 percent circulating cur- 
rent per step apart. 


Neglecting exciting current and resistance, the vector 
diagrams for Figure 7 are shown in Figure 8, assuming, 
however, that the three regulators are now excited by a 
three-phase source, and applied voltage Eo, is in phase 
with regulator phase A. 
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THREE SINGLE-PHASE closed-delta-connected regulators are shown 
with phase A unbalanced. No circulating current flows. (FIGURE 5) 


CIRCULATING CURRENT flows when one phase is unbalanced with 
single-phase regulators connected inside-the-delto. (FIGURE 6) 





Circulating currents cause problem 
Unfortunately, this circulating current will cause the tap 
changers of regulators having automatic controls with line- 
drop compensator to operate to the opposite extreme 
limits, further increasing the unbalance. 


The main current transformer of each regulator is inside- 
the-delta loop, and as a result will pass the circulating 
current as well as the load current. The purpose of this 
current transformer is to supply current to the line-drop 
compensator and produce a voltage in the potential circuit 
in proportion to the actual load conditions. The line-drop 
compensator consists of a resistance and reactance element 
connected into the potential-sensing circuit. The magni- 
tude of this voltage will depend upon the current and its 
phase relationship to the potential supply voltage. There- 
fore, any circulating current flowing in the line-drop com- 
pensator circuit will also cause a voltage to be introduced 
into the potential circuit. 


The circulating current is produced by a single-phase 
voltage and therefore is a single-phase current. Since the 
three regulators are in different phases 120 degrees apart, 
this single-phase current will have a different effect in each 
phase. As a result, the regulators will operate in a direc- 
tion to increase the circulating current. 


Figure 9 is the vector diagram of the voltages produced 
in the line-drop compensator resulting from circulating 
current, assuming, however, that each regulator has equal 
reactance and resistance compensation. 


As shown, phase A potential-sensing circuit voltage is 
reduced, and thus phase A would try to increase its volt- 
age still more. Phase C has a definitely higher potential 
across its voltage-sensing circuit, and its control would try 
to lower its voltage, further increasing the unbalance. 
Phase B has a potential that may be close to its original 
balance voltage; therefore phase B may or may not change 
taps. Which regulator changes taps and what direction it 
changes will depend upon the phase or combination of 
phases producing the unbalanced voltage, the line-drop 
compensator settings, and the band width adjustment of 
each regulator. 


The difficulties encountered by the circulating current 
flowing in the line-drop compensator can be eliminated by 
separating the load and circulating current and allowing 
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LOOP IMPEDANCE of three single-phase regulators connected 
inside-the-delta may be measured as shown. (FIGURE 7) 
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E,, Eg. Ec = SECONDARY VOLTAGE OF THE THREE SINGLE- 
PHASE TRANSFORMERS BEFORE FLOW OF CIR- 
CULATING CURRENT 
Eo, = APPLIED VOLTAGE TO CORNER OF DELTA, IN 
PHASE WITH PHASE “A” 
Ear: Ege, Ece = RESULTANT SECONDARY VOLTAGE DUE TO 
CIRCULATING CURRENT 
wicks Ic = CIRCULATING CURRENT 
Xq, Xg, Xc = NET SHORT-CIRCUIT REACTANCE OF EACH 
PHASE (X, + Xp + X¢ = LOOP REACTANCE) 
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CIRCULATING CURRENT /,, in Figure 7 will cause the re- 
sultant supply transformer secondary voltage. (FIGURE 8) 
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LINE-DROP COMPENSATOR vector diagram shows the voltages 
produced by circulating currents of Figure 6. (FIGURE 9) 
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Ic = CIRCULATING CURRENT 
i, = LOAD CURRENT 





CONTROL CIRCUIT separates circulating current from the 
load current with transformers CL and CC. (FIGURE 10) 
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CIRCULATING CURRENT, after being separated from the 
load current, is passed through reactor XP to keep the 
regulator mechanisms close to the same step. (FIG. 11) 
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“4 E,, Eg, Ec = CONTROL POTENTIAL SUPPLY 
1 ap: pp. Xcp = REACT. “XP” CONNECTED IN SERIES WITH 
POTENTIAL CIRCUIT 


/€er Ic = CIRCULATING CURR. IN REACT. “XP” 
Ear: Eger: Ecr = RESULTANT POTENTIAL ACROSS VOLTAGE 
SENSING CIRCUIT _ 


~IcXpp 


VOLTAGE in reactor XP, resulting from circulating current, 
produces the resultant vectors E, p, Exp, and Epp. (FIG. 12) 











only the load current to flow in the compensator circuit 
Since the load current is three phase and the circulating 
current is single phase, a circuit is required that will offer 
a high impedance to single-phase currents and low im- 
pedance to balanced three-phase currents, and vice versa 
Figure 10 shows a simple control system to accomplish 
this separation. 


Two auxiliary current transformers are used to separate 
the currents. Current transformer CC has its secondary 
winding connected in delta with the other two phases and 
will present a low impedance to single-phase currents, 
since the same current must flow in the loop-connected 
secondaries to balance ampere-turns. 


Current transformer CL has its secondary windings con- 
nected in Y with the other two phases and shorted. Thus 
only a balanced three-phase current will satisfy its ampere- 
turns and present a high impedance to any single-phase 
currents, and a low impedance to balanced three-phase 
currents. The load current, therefore, is allowed to pass 
through the line-drop compensator, and the circulating 
current is returned to the main current transformer. 


Circulating currents keep regulators together 


Having separated the circulating and load currents and 
prevented the regulators from “running” further apart, 
the control need only to bring back the regulators to a 
tap position that will eliminate or reduce the circulating 
current to a negligible and safe amount. This operation 
is accomplished by passing the circulating current, after its 
separation from the compensator circuit, through a suit- 
able reactor connected in series with the potential-sensing 
circuit of the control panel. However, the circulating 
current flows through the reactor in a direction that causes 
the voltage produced in the reactor by the circulating cur- 
rent to have the opposite polarity with respect to the 
potential circuit. The regulator on a higher tap position 
will decrease its voltage, and the regulator on a lower tap 
position will increase its voltage. 


Figure 11 shows the control diagram of a regulator. 
Figure 12 shows the vector diagram, assuming again that 
regulation in phase A is initially at a higher voltage. 
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This control scheme is simple and effective and can be 
readily connected into any existing regulator. 


Inside-the-delta connection provides other 
benefits 


Additional benefits from inside-the-delta operation not 
only include economic considerations but also unique 
characteristics that make these regulators more versatile. 
Cost, loss, and weight values are compared in Figure 13 
between three-phase units equipped with a delta-Y ter- 
minal board and connected in delta, and three single-phase 
regulators connected inside-the-delta. The regulators in 
both cases have the same through kva rating and voltage 
class. In all cases the values of cost, losses and weight of 
the three single-phase units are taken as 100 percent. 


From an economic standpoint, the chart not only reveals 
that the initial cost of three single-phase regulators is less 
than the equivalent three-phase unit, but also that the total 
losses in all cases are considerably smaller. These two im- 
portant factors in themselves provide considerable savings. 


The overall weight and space requirements are also im- 
portant considerations in regulator selection. Three single- 
phase units weigh less in all cases than their comparable 
three-phase unit. With respect to overall height, reduc- 
tions of at least one foot to as much as 314 feet are realized. 


The features already mentioned in favor of three single- 
phase regulators operating inside-the-delta are further 
strengthened in that the versatility of the single-phase unit 
is not tied to one particular operation. If the regulators 
were purchased to handle existing delta-connected systems 
in the process of system conversion, the external connec- 
tions, shown in Figure 14, and minor changes to the con- 
trol scheme are all the changes that are needed. 


The distinct advantages resulting from the use of three 
single-phase regulators connected inside-the-delta merit 
serious consideration by all utilities presently operating 
delta systems but planning for future conversion to Y. If 
the utilities presently operating Y-connected systems are 
experiencing poor voltage regulation due to heavy loads, 
this condition can be greatly improved at a minimum of 
cost by taking advantage of the low-cost regulation and 
flexibility offered by well-placed single-phase regulators. 
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LOAD 
SIDE 
SYSTEM CONVERSION from 
delta to Y may make use 
of same three single-phase 
regulators in grounded-Y 
connection. (FIGURE 14) 
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COST, LOSS AND WEIGHT for three-phase delta-connected reg- 
ulators and three single-phase inside-the-delta-connected regu- 
lators are compared for various through-kva ratings. (FIG. 13) 











COMPLEX power system substations may be 
divided into zones of protection to pro- 
vide a clear picture of what breakers and 
what relaying will be needed or how 
well the distribution system is protected. 


PROTECTING 
An Outdoor Substation 

































means of back-up protection. Back-up relaying for faults 
up to the next protective zone as well as for all of the next 
zone is commonly used as a compromise. Protection is 
obtained by rapid response for close faults and slower 
response for remote faults. 


by STANLEY E. McDOWELL 
Switchgear Department 
Allis-Chalmers Mfg. Co. 


The relay protection of a typical outdoor substation as 
The degree of protection provided for shown in Figure 2 incorporates many common methods 


; ; , of protecting electrical equipment against short circuits. 
an outdoor substation is vital to power P . bid 


supply continuity. Pilot wire relaying used for incoming feeders 

Incoming 69 kv feeders A and C of Figure 2 are protected 

by pilot wire relaying with insulating and neutralizing 
THE PRIME PURPOSE of any outdoor substation is to transformers to protect the pilot wires from possible high 
provide a reliable, continuous supply of energy to the 
utilization point. To achieve this reliability, a suitable 
protective system must be used to interrupt the flow of 
fault current and isolate the faulted elements from the 
system so that the balance of the system can continue to 
provide service. Since in most cases the circuit elements 
are connected through circuit breakers, these breakers serve 
to isolate the defective element. 





TRANSMISSION LINE 
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A protective relaying system detects a fault and then 
causes the proper breakers to trip and isolate the fault 
Selectivity of the relaying allows only the minimum num- 
ber of breakers to trip to achieve this isolation.* 
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=——-69 KV BUS PROTECTION 
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' 
Protective zones overlap 
Each type of relay has characteristics from which its effec- . 
tive zone of protection in a given system can be determined. TRA ORER PROTECTION 
The desirable and most ideal arrangement is to apply the | [ | -bo 
relays so there is no location on the system where a fault 
will not be detected by one or more relays. This protection 
is obtained by having the protective relay zones overlap 
as indicated in Figure 1. This overlapping of protective 
zones will cause tripping of more than the minimum num- 
ber of breakers when a fault occurs in the common area 
of two protective zones, but is preferred over a non-over- 
lapping system where certain faults could occur which 
cause no response and must be cleared manually or by 
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* “Simplifying Coordination of Short Circuit Protection” by R. OVERLAPPING of protection zones is shown by the col- 
Loewe and P. F. Lovato, Allis-Chalmers Electrical Review, 2nd ored areas. Faults occurring in these overlapping areas 
Quarter 1953. cause response of the relays in both zones. (FIGURE 1) 
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SYMBOLS 


201LT — Oil Circuit Breaker Control 
Switch-Trip-Local. 


201LC — Oil Circuit Breaker Control 
Switch-Close-Local. 


201LCO — Oil Circuit Breaker Control 
Switch-Lamp Cutout. 


201SC — Oil Circuit Breaker Control 
Switch-Slip Contact. 


301NC — Oil Circuit Breaker Control 
Switch-Normally Closed Contact. 


226Z — Auxiliary Thermal Relay-Contacts 
Close at 105°. 


243S — Transfer Switch-Supervisory. 
243L — Transfer Switch-Local. 

251 — Overcurrent Relay. 

251G — Overcurrent Ground Relay. 
252 — Oil Circuit Breaker. 


252C — Oil Circuit Breaker Closing 
Solenoid. 
252YA — Oil Circuit Breaker Anti-Pump 


Device. 


252T — Oil Circuit Breaker Trip Coil. 


252TC — Oil Circuit Breaker Trip Coil 
Cutoff Switch. 


252a — Oil Circuit Breaker Auxiliary 
Switch Normally Open. 


252b — Oil Circuit Breaker Auxiliary 
Switch Normally Closed. 


252x — Oil Circuit Breaker Control 
Relay. 

252y — Oil Circuit Breaker Control 
Relay. 

252aa — Oil Circuit Breaker Auxiliary 


Switch Closes As Oil Circuit 
Breaker Reaches Closed Position. 


252bb — Oil Circuit Breaker Auxiliary 
Switch Opens As Oil Circuit 


Breaker Reaches Closed Position. 


252LC — Oil Circuit Breaker Latch Check 


Switch — Closed When Oil Circuit 


Breaker Latched. 


261 — Current Balance Relay. 


261X-1 & 261X-4 — Locking Relay For 261. 


263A — Oil Circuit Breaker Low Air 
Pressure Alarm Contact. 


263C — Oil Circuit Breaker Low Air 
Pressure Lockout Contact. 


USED IN OIL CIRCUIT BREAKER SCHEMATICS 


263S — Oil Circuit Breaker Air Pressure 
Contact To Seal In 252C. 


264 — Residual Ground Current Relay. 
267 — Directional Power Relay. 
267X — Directional Power Auxiliary Relay. 


269C,T — Permissive Device for Close 
and Trip. 


285 — Pilot Wire Supervisory Relay. 
286 — Auxiliary Differential Lockout Relay. 
287-1, 287-4 — Bus Differential Relay. 


287-2, 287-3 — Transformer Differential 
Relay. 


379 — Reclosing Relay. 

379M — Reclosing Relay Timing Motor. 
379X — Reclosing Relay Control Relay. 
379Y — Reclosing Relay Control Relay. 
HMA — Auxiliary Relay. 

SC-1 — Auxiliary Alarm Relay. 

R — Red Indicating Light. 

G — Green Indicating Light. 


W — White Indicating Light. 
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INCOMING LINE A and C of Figure 2 are protected by pilot 
wire relaying providing instantaneous tripping. (FIGURE 3a) 


induced 60 cycle voltages. The pilot wire relays provid 
instantaneous tripping for faults anywhere along the trans 
mission line giving protection against three-phase, phas¢ 


to-phase and phase-to-ground faults. The pilot wire relays 


give protection up to the terminals of the 69 kv line oil 
circuit breaker. The schematic diagram of the oil circuit 
breakers for these incoming feeders is shown in Figure 42 
A typical breaker is shown in Figure 34. 


Incoming 69 kv feeders B and E in Figure 2 are pro 
tected by phase and ground overcurrent relays as well as 
current balance relays. The overcurrent relays are of 
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such as this 


OUTDOOR-TYPE frame-mounted circuit breakers, 
34.5-kv, 1000-mva breaker, provide substation protection. (FIG. 3b) 


inverse time characteristics and are equipped with instan- 
taneous attachments giving protection against overloads, 
phase-to-phase and phase-to-ground faults. The current 
balancing relays give protection against the possibility of 
single phasing of the supply lines. These relays operate 
when the current unbalance between phases exceeds a pre- 
determined amount. A schematic diagram of the breakers 
for these incoming feeders is shown in Figure 4. 


Incoming 69 kv feeder D in Figure 2 is protected by 
phase and ground overcurrent relays also equipped with 
instantaneous attachments to give protection against over- 
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loads, phase-to-phase and phase-to-ground faults. Carrier 
current relaying is also utilized on this feeder. Carrier 
current relaying, another form of pilot relaying, compares 
the current flowing at the ends of the line. 

Since the transmission line itself carries the signal, the 
carrier channel is required only to prevent tripping on 
external faults. If a fault occurs on the line, no signal is 
required and the fault is cleared without use of the carrier. 
A three-phase power directional relay is also used on the in- 
coming line to prevent feeding power from the substation 
bus back into a fault on the incoming line circuit. In the 
event of reverse power flow, the relay will trip the 69 kv 
oil circuit breaker, isolating the incoming line from the 
substation bus. The schematic for this incoming breaker 
is shown in Figure 5. 


Differential relays provide protection 
The 69 kv substation bus is protected by the use of high 
speed bus differential relaying which protects against in- 
ternal faults, that is, faults on the bus itself. The differen- 
tial relays compare the current flowing to the bus with the 
current flowing away from the bus. Under normal operat- 
ing conditions, these currents are essentially equal; however, 
should a fault occur on the bus, an unbalanced condition 
arises which is detected by the differential relays. When 
this unbalance occurs, the contacts of the differential relays 
will close and trip the 69 kv oil circuit breakers to isolate 
the bus. Figure 6 shows the bus differential zone and sche- 
matic of the differential relays. 

The two 69/12 kv and one 69/4 kv power transformers 
are protected against internal faults by a differential relay- 
ing scheme. In case of an internal fault in any of these 
transformers, the differential relays will trip the appro- 
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by overcurrent relays (251) and carrier current contacts. 


OIL CIRCUIT BREAKER on 69-kv incoming line D of Figure 2 is tripped 


(FIGURE 5) 









priate 69 kv, 12 kv or 4 kv oil circuit breakers to isolate 
the faulted transformer bank. 


Since differential relays do not function on through short 
circuits or overloads, phase overcurrent relays, long time 
ground relays and thermal overload relays are provided to 
protect the transformer banks against overloads or through 
short circuits. The phase overcurrent relays are connected 
to current transformers on the transformer secondary and 
trip the secondary breaker. If ground faults in other parts 
of the system are not cleared, they will eventually cause 
overheating of the transformer. To protect against this 
overheating, a long time ground relay is connected to a 
current transformer located in the low voltage neutral to 
trip the 69 kv breaker of the bank in trouble. To protect 
against overloads, a thermal relay, whose operation depends 
on the temperature of the transformer windings, is used to 
trip the 69 kv breaker of the transformer bank should the 
winding temperature exceed a predetermined value. 


Figure 7a shows the differential zone and differential 
schematic, while Figure 74 shows the schematic of the 
transformer secondary oil circuit breakers. A typical power 
transformer is shown in Figure 7c. 


The 12 kv and 4 kv buses are protected by high speed 
differential relays the same as described for the 69 kv bus. 
The function of this scheme is identical to the 69 kv 
scheme and operates to isolate the 12 kv or 4 kv bus in 
event of a bus fault. Figure 8 shows the differential zone 
and the differential relay schematic. 


The 12 kv and 4 kv feeders are protected by inverse 
time phase overcurrent relays with instantaneous attach- 
ments and by inverse time ground overcurrent relays. The 
inverse time elements of the phase and ground relays pro- 
tect against long duration overloads, while the instantane- 
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BUS DIFFERENTIAL PROTECTION isolates faulted bus to pre- 
(FIGURE 6) 
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PROTECTION ZONES of differential relays are shown by 
dotted lines. Breaker tripping is from differential (287), 


thermal (226) and residual ground (264) relays. (FIG. 7a) 
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TRANSFORMER SECONDARY breaker is tripped by over- 
current relays (251), which protect transformer against 
overloads and through short-circuit currents. (FIG. 7b) 
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PROTECTION of the transformer feeding any substation 
is a vital part of system planning. This 132-kv, 20,000-kva 
transformer is a typical substation unit. (FIGURE 7e) 


ous elements of the phase relays protect against short 
circuit currents of high magnitude. This arrangement pro- 
vides protection against overloads, phase-to-phase and 
phase-to-ground faults. 

The ground relays are used because they can be made 
faster and more sensitive for ground faults without reduc- 
ing selectivity. 

Each 12 kv and 4 kv feeder is also provided with a three 
shot reclosing relay with the first reclosure being instan- 
taneous and subsequent delayed reclosures. On a fault 
which trips the respective breaker, the reclosing relay re- 
closes the breaker instantaneously. If the fault persists, 
the breaker trips, but if the fault has cleared the breaker 
will remain closed. Should the fault persist beyond the 
third reclosure, the breaker will be locked open by an 
auxiliary lockout relay (device 286). Figure 9a shows the 
schematic of a typical 12 kv (or 4 kv) feeder oil circuit 
breaker. Figure 9b shows a typical 15 kv, 250,000 kva 
interrupting capacity oil circuit breaker. 

The 12 kv bus tie oil circuit breaker is provided with 
phase overcurrent relays having instantaneous attachments 
and a ground overcurrent relay. This arrangement provides 
protection against three-phase, phase-to-phase and phase- 
to-ground faults. The schematic for this breaker is similar 
to that of the 12 kv and 4 kv feeders except no reclosing 
relay is needed. 


Direct lightning strokes averted 

Lightning strokes may occur on the transmission lines 
entering or leaving the substation or directly at the sub- 
station equipment itself. 

Protection against lightning on the lines is provided by 
lightning arresters which prevent high magnitude, steep 
front wave lightning surges from entering the station 
equipment. 

The lightning masts are strategically located so that their 
protective cones overlap, thus providing a protective shield 
over the entire substation and preventing direct strokes 
from hitting the station equipment. 
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TRIPPING from overcurrent relays and reclosing feature are shown 
in control diagram for typical 12-kv or 4-kv breaker. (FIGURE 9a) 


Key interlocking also plays an important role in protect- 
ing equipment and operating personnel by preventing the 
paralleling of circuits, opening a switch on higher values of 
current than their rating, maintaining continuity of service, 
and preventing grounding of loaded lines or buses. 


In the substation of Figure 2, key interlocking is applied 
as shown in Figure 10. Switches III and V are prevented 
from breaking load current by requiring that oil circuit 
breaker IV be tripped, and switch II is prevented from 
grounding the incoming line by requiring that switches I 
and III be open before switch II can be closed. It also 
assures continuity of service to the power transformers by 
requiring that switches III and V and oil circuit breaker IV 
be closed before closing or opening the transfer bus 
switch I. 
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KEY INTERLOCKING is form of protection which 
assures proper sequence of switching. (FIGURE 10) 















form 


(FIGURE 9b) 


TYPICAL of 15-kv oil circuit breakers, these outdoor units 


an important part of the substation protective scheme. 


Control switchboard is preferred 
Although it is possible to equip outdoor oil breakers with 
relay cabinets in which protective relays are mounted, more 
reliable operation can be obtained by using centralized 
control such as is available in duplex-type indoor control 
switchboards. Such a switchboard is shown in Figure 11. 
The use of the switchboard will prevent false relay opera- 
tion resulting from shock and vibration which could occur 
when relays are mounted in a cabinet on the breaker. 
The protection required is dependent upon such factors 
as the type of equipment involved, the length of trans- 
mission lines entering and leaving the substation, and the 
degree of reliability desired. When the substation design 
engineer gives careful consideration to all of these factors, 
a reliable supply of energy is assured. 
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Now is a good time to consider 


motor enclosures. New designs 


may save you money. 


SIGNIFICANT DEVELOPMENTS in motor insulation 
make possible the use of open-type motors in many appli- 
cations where heretofore only motors with expensive 
protective enclosures could be used. New designs promise 
savings of millions of dollars to motor users. 


A major factor in this evolution in motor application is 
the all-silicone-rubber insulating system for form-wound 
stator coils in large motors, and encapsulated coil structures 
for field windings of large synchronous motor rotors and 
for stators of smaller frame motors having random or 


mush-wound coils. 


Silicone seals coils completely 

Silicone rubber insulation for coil windings of large motors 
is vulcanized into a homogeneous dielectric wall without 
joints, voids or breaks. This insulation system is virtually 
unaffected by humid conditions and dry-outs are no longer 
necessary. 

The silicone material itself is moisture repellent. Even 
in high humidity, moisture does not condense in a surface 
film on silicone-insulated coils. Complete immersion for 
long periods reduces insulation resistance slightly, but not 
to the point of electrical breakdown. Coils can actually be 
given a high potential test under water. 


Encapsulated stator windings are equally well sealed. An 
impervious epoxy resin case encloses both coil ends and the 
slot portion. This structure, which is bonded to stator 
laminations, is impervious to moisture. Motors with this 
protection have been tested in operation under water. 


Availability of this moisture-resistant insulation obviates 
the need for “drip” or “splash” protection. Metallic surfaces 
inside the machine can be protected with special coatings 
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SEMI-HAZARDOUS DUTY, driving a compressor in a catalytic 
cracking process of an oil refining plant, will be the applica- 
tion for this 5500-hp, 4160-volt, 1190-rpm, squirrel-cage motor. 
This is the largest Silco-Flex insulated machine to date. 


There are many applications, indoors and out, where 
moisture would be detrimental to conventional motor in- 
sulation. Paper production, for example, uses large quan- 
tities of water, and motors are commonly installed in wet 
areas. Not even drip nor splash protection is always con- 
sidered adequate in these areas. Some plants specify water- 
cooled enclosures to keep moisture away from coils. 

Silicone-insulated motors with open enclosures have 
been applied in some of these areas as an alternate to totally 
enclosed water-cooled (TEWC) construction, at a cost 
saving of tens of thousands of dollars. Epoxy-encapsulated 
motors are being successfully used in place of totally en- 
closed motors on industrial washing machines for cleaning 
and degreasing small metal parts. 


Dirt problems solved 

In some areas dirt accumulations build up quickly inside 
motors, unless totally enclosed housings are used. Now, 
where moisture-resistant insulations are used in open motor 
frames, motors can be hosed down after each operation to 
remove any dirt from windings and vent openings. This 
new idea is receiving considerable attention from rubber- 
mill engineers, who have problems with carbon black and 
soapstone Contamination in motor areas. 


Carbon black, commonly used in rubber and plastics 
production, is one of the most pernicious of industrial 
contaminants in its damaging effect on insulated coil 
structures, Operating experience has proved that silicone- 
insulated coils are unaffected by a carbon black concentra- 
tion that quickly breaks down conventional coils. Epoxy 
structures also have no breaks or openings through which 
these carbon particles can penetrate. 
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Insulation systems using silicone are not damaged by oil 
or solvents. Coils immersed for long periods in oil swell 
slightly due to absorption. The oil can easily be driven off 
by heating, leaving the insulation unaffected. Oil acciden- 
tally brought in contact with the winding while the 
machine is in service will be volatilized without affecting 
the coil at all. Commercial cleaning methods using solvents 
familiar to electrical maintenance people have no effect on 
silicone-rubber insulation. 


Abrasive dust blasting across exposed coil ends seriously 
degrades varnished coil structures, but bounces off the rub- 
bery insulating wall of silicone-insulated coils. Tests with 
aluminum oxide grit proved that hard, unyielding insula- 
tions are quickly cut to shreds by the same air-blasting 
conditions that have little effect on the more resilient 
insulation. 


Field coil structures on synchronous motor rotors have, 
in the past, been vulnerable to penetrating dust particles. 
Since these machines are commonly applied in rubber 
mill service or in metallic dust laden areas in metals- 
processing plants, they have often created maintenance 
problems. Field coils protected with an epoxy resin lami- 
nate are sealed with a unique glasslike surface to which 
dust particles will not adhere. 


Epoxy-encapsulated motors can safely be used in most 
locations where enclosed motors were previously specified, 
and at considerable saving in initial motor cost. One of 
these motors, substituted for a totally enclosed type, drives 
an acid pump in a chemical plant, where it is subjected to 
acid fumes and dripping moisture. No detrimental effects 
have been noted after more than a year’s service. 


In another instance, TEFC motors failed to give good 
service in a fertilizer plant application. Extremely fine 
foreign particles, in humid air, were drawn into the motor 
enclosure by normal breathing of the motor in intermittent 
service. The combination formed an acid strong enough to 
destroy the insulation. Encapsulated windings in an open 
frame proved to be the answer. 


Vulnerable insulation needed protection 


Protective enclosures for motors were originally designed to 
shield vulnerable electrical insulations against ambient con- 
ditions such as moisture, dirt, oil, chemical vapors, abrasive 
dusts, carbon black, or conductive metallic dusts. Few 
types were available twenty years ago. At that time, com- 
pletely open motors lacked even a drip cover and total 
enclosures were available only in small sizes. Inflexible 
cast-iron construction of motor frames and bearing brackets 
was a big factor limiting modification. This problem was 
eliminated with the development of steel yoke fabrication 
which made possible many variations of enclosure designs. 


The reasoning behind the terms “drip-proof” and “splash- 
proof,” most basic of the protective schemes, is readily 
understood. Coil insulating systems made up of combina- 
tions of tapes and varnishes are extremely vulnerable to 
moisture. When not in service, these windings quickly 
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STATORS of smaller motors are now encapsulated in epoxy 
resin insulation which completely fills the slots and coils, 
leaving a hard, nonporous, smooth and impervious surface. 


absorb so much moisture that a dry-out period is required 
before putting the machine back in service. Space heaters 
are often used to keep moisture from condensing on coil 
surfaces during shutdown periods. 


A big percentage of general purpose motors in use today 
are totally enclosed. Development of tube-type cooling 
made totally enclosed fan-cooled (TEFC) construction 
practical for large machines, and made possible explosion- 
proof ratings to meet many industrial requirements. 


In some applications, total enclosures with built-in air- 
to-water heat exchangers were used to keep windings free 
of contaminants. A variation of this construction, pres- 
surized with an inert gas, is also used for explosive areas. 
A third type of total enclosure is pipe or forced ventilated. 
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ENCLOSURE COSTS increase sharply with degree of protection. 


New insulations may obviate need for expensive total enclosures. 
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Although total enclosures represent the ultimate 
motor protection, they are considerably more expensive 
than open types. Large TEFC ratings, for example, cost 
approximately 100 percent more than the equivalent basic 
open motor. Forced-ventilated types are initially less costly, 
but the expense of added duct work and ventilating equip- 
ment must be considered. Water-cooled types depend on a 
reliable source of cool water and cannot be used out of 
doors in freezing temperatures. 


The weather-protected type is another of the open en 
closures, designed primarily to keep moisture away from 
insulated parts. A system of shields and baffles reduces 
incoming air flow. Protection built into silicone-insulated 
motors gives “outdoor” motor capability without paying a 
premium for weather-protected enclosures. 


The outdoor motor idea has been finding favor with 
powerhouse designers because of savings in construction 
dollars when outdoor station design is used. Pipeline and 
other industrial users, too, are taking advantage of this 
money-saving scheme. The built-in protection inherent in 
silicone-insulated motors now will serve most of thes« 
outdoor applications. 


Forced-air cooling is costly. Piped and externally venti 
lated schemes are designed to insure an uncontaminated 
supply of air in contaminated locations. Filters or precip 
itators designed to remove dust and dirt from ventilating 
air often complicate such systems and add to their expense 
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Maintenance cut 

Maintenance is greatly simplified with sealed coil designs. 
Open frames are fully accessible. Dirty machines can be 
washed down to remove loose dirt, or washed off with 
detergent and water if more stubborn deposits are present. 
Epoxy-bonded stators, in smaller frames, and rotor field 
coils, in large synchronous types, are so thoroughly sealed 
and integrated that normally no maintenance other than 
blowing or washing off dirt deposits should be expected. 


Silicone-insulated coils do not need revarnishing at 
periodic intervals as do conventional types. Should a coil 
in a large motor be damaged, it can be repaired without 
removing it from the stator if the damage is accessible. 
Otherwise, removal of a single coil is an easy matter. Non- 
aging coils remain flexible. A coil can be removed for 
repair in minutes without preheating or damaging it or 
adjacent coils. Repairs are made by cutting away the 
damaged area and vulcanizing a patch into the cutaway 
portion. This procedure gives a complete seal with the 
original coil and can be completed in a few minutes, with 
the coil ready for replacement in the machine. 

Sealed motor insulation systems simplify application. 
One type of motor, priced without a premium for mech- 
anical protective measures, can be used almost anywhere. 
With virtually ageless insulating systems, these motors 
will give more reliable service and require less upkeep 
than the best protected, conventionally insulated machines. 














INTEGRATED coil construction is now standard for field 
coils of large synchronous motors. Rotor of this 1250-hp, 
4160-volt, 1200-rpm motor is sealed against contamination. 








RATING 








RANGE AND CURRENT RATINGS AVAILABLE 


























VOLTS KVA 10% BH % 72% 6 Vs % 
25.0 100 110 120 135 160 
50.0 200 220 240 270 320 
— 75.0 300 330 360 405 480 
’ 100 400 440 480 540 640 
125 500 550 600 668 668 
167 668 668 668 668 668 
25.0 50 55 60 68 80 
50.0 100 110 120 135 160 
_ 75.0 150 165 180 202 240 
100 200 220 240 270 320 
125 250 275 300 338 400 
167 334 367 401 451 534 
11.4 15 17 18 20 24 
19 25 28 30 34 40 
38.1 50 55 60 68 80 
am 57.2 75 83 90 102 120 
62 76.2 100 110 120 135 160 
114.3 150 165 180 203 240 

167 219/241 241/265 263/289 296/326 351/386 

250 328/361 361/397 394/434 443/487 525/578 
34.5 25 28 30 34 40 
13,800 69.0 50 55 60 68 80 
138.0 100 110 120 135 160 
36.0 25 28 30 34 40 
14,400 72.0 50 55 60 68 80 
144.0 100 110 120 135 160 












































Chart shows ratings to 668 amperes 
with 21 new Vari-Amp ratings 





Vari-Amp can now be used to increase regulator capacity (while decreasing range of 
regulation) to a maximum allowable current of 668 amperes or 160%. This new de- 
velopment results in increased applications for distribution regulators and further 
lowers the cost of regulation. 


You now get as much as 50% increased kva capacity on 21 different ratings of 
Allis-Chalmers 54% step regulators. 


These new load-carrying capabilities have been tested in actual field service for 
four years and many of the new ratings are in stock for immediate shipment. Behind 
this announcement is the continuous development program that has maintained Allis- 
Chalmers design and operational leadership during the past 25 years. 


For details, contact your nearby A-C office, or write Allis-Chalmers, Power Equip- 
ment Division, Milwaukee 1, Wisconsin. 
















ALLIS-CHALMERS 


NEW 5-Kv Mo | f E | CURRENT TRANSFORMER 


.. for Indicating and Tripping Service 


25 R 9047 


RATIO CORRECTION FACTOR 


BURDEN % P.F. 
8-0.5 


P. 
9 
50 
50 


8 


4 6 18 
TIMES RATED PRIMARY CURRENT 


Typical 60-cycle overcurrent curves 
for Type LRM current transformer. 


Extends Line of 


Epoxy-resin Units 


Latest in a growing family of 
molded units, this Type LRM cur- 
rent transformer rated 5 kv is 
already a prime favorite with panel 
and switchgear designers. Molded 
of epoxy resin, this new transformer 
is virtually maintenance-free. It has 
high impact strength . . . resists 
mechanical forces, moisture and fire. 
These advantages at no extra cost. 


All units are supplied with a 
short-circuiting strap, removable 
after installation. Base design per- 
mits mounting anywhere—on walls, 
bars, channels, etc. 

Allis-Chalmers instrument trans- 
formers are available in the widest 
possible rating range. Many are 
molded units. Other epoxy-resin de- 
signs are in pilot production. For 
complete information, see your A-C 
representative, or write Allis- 
Chalmers, Power Equipment 
Division, Milwaukee 1, Wisconsin. 
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